The fat-regulating hormones, adiponectin, ghrelin, and leptin have been studied extensively because therapeutic modality might be gleaned from their augmentation or blockade. Since a link between the hormone and control of hunger was found, ghrelin levels in the human body have received a great deal of attention over the past several years. This mini-review summarizes the role of ghrelin, describing its actions and therapeutic uses.
Ghrelin was discovered by Japanese scientists and reported in 1999 [4] . The name is based on its role as a growth hormone-releasing peptide, with reference to the Proto-Indo-European root "ghre", meaning to grow. The name can also be viewed as an interesting (and incidental) "pun", too, as the initial letters of the phrase growth hormone-releasing give us "ghre" with "lin" as a usual suffix for some hormones (pronounced GRELL-in). Leptin is a hormone that suppresses the appetite. It was discovered in 1995.
Over the past several years, ghrelin levels in the human body have received a great deal of attention, since a link was found between the hormone and control of hunger. In this article, we outline the details of ghrelin, in particular, its role in energy homeostasis and its therapeutic uses. ovary, placenta, lymphocytes, and brain [7] [8] [9] [10] . The production of ghrelin in the stomach, which is higher in females, increases markedly in the immediate postnatal period [11] , but declines thereafter [12] .
The human ghrelin gene is located in chromosome 3. It is made up of four exons and three introns. The mature protein is encoded in exons 1 and 2 [13] . The 5'-flanking region of the gene contains a non-functional TATATAA box and a ghrelin promoter that is activated by glucagon and c-AMP [14] . Some gastric tumor cell lines express the promoter, but others do not. This suggests that human ghrelin promoter may have cellspecific activity. The hnRNA of the gene transcript is processed by alternative splicing to yield two different mature mRNAs. One produces the ghrelin precursor, and the second yields des-Gln 14-ghrelin [15] . Ghrelin provides the first example of the production of two different mature biologically active peptides that result from the alternative splicing of a peptide-coding region.
The human ghrelin precursor (prepro-ghrelin) is composed of 117 amino acids, and the ghrelin sequence of 28 amino acids immediately follows the 23-residue signal peptide. Before being secreted, the ghrelin molecule undergoes an enzymatic process at the cytoplasm, an n-octanoyl addition at Ser 3. This esterification by n-octanoic acid, which is essential for the biological activity of ghrelin, yields the finally secreted peptide of 3315 molecular weight. This process of acylation has no precedent in cell biology either, being the first example of acylation in a secreted protein [16] . Hence, ghrelin circulates in two major forms, acylated (5% of total ghrelin) and Desacylated/Unacylated ghrelin (UAG) (the form lacking n-octanoylation) is abundant (95% of total ghrelin) in the circulation, but it does not bind to the GHS-R1a that stimulates growth hormone (GH) release. UAG is converted to ghrelin by the action of ghrelin O-acyl transferase (GOAT), a member of the membranebound O-acyl transferase family. This is expressed primarily in the stomach and specifically octanoylates the Ser3 residue of the ghrelin peptide. These two forms have potential differences in their metabolic effects [17] .
The active binding core of the molecule consists of the first 4-5 amino acids including the acylated Ser 3, short peptides containing this sequence efficiently bind to the growth hormone secretion (GHS) receptor but they are devoid of GH secretory capability [16] .
Circulating ghrelin originates mainly in the stomach, and circulates at plasma concentrations of 200-600 pg/ml. The secretion of ghrelin during 24 hours correlates significantly with the values obtained in the basal state [18] . Half-life for acylated ghrelin in the circulation is approximately 30 minutes [19] .
Biological actions

Growth hormone
The ghrelin receptor was known well before ghrelin was discovered. Cells within the anterior pituitary bear a receptor to detect when Ghrelin is produced in the hypothalamic arcuate nucleus, and where it stimulates the secretion of growth hormone from the anterior pituitary gland. The receptor was named the growth hormone secretagouge receptor (GHS-R). The natural ligand for the GHS-R was announced in 1999 as "ghrelin" because of its ability to provoke GHS.
The GHS-R1a, a G protein coupled receptor, activates the phospholipase C signaling route leading to an intracellular Ca2 + rise. An active cross-talk at the somatotrope cell is maintained between the growth hormone releasing hormone (GHRH) and the ghrelin receptors in order to coordinate and potentiate the cell response expressed in the CNS. This is found at particularly high levels in the hypothalamus and peripheral tissues, including the pituitary, the gastrointestinal tract and adipose tissue [20] .
Energy homeostasis
Adipogenesis is a highly controlled process, in which the expression of adipose-specific genes is crucial for inducing differentiation and for determining the phenotypic characteristics of adipocytes [21] . The main transcription factors that control this process include PPARg (peroxisome proliferator-activated receptor g) and SREBP1 (sterol-regulatory element binding protein-1). Differentiated adipocytes take up free fatty acids (FFAs) and glycerol for the biosynthesis of triglycerides. Acylated ghrelin has been shown to increase adiposity in rats by enhancing the expression of fat-storage enzymes, such as lipoprotein lipase (LPL), acetyl-CoA carboxylase (ACC), fatty acid synthase (FAS) and stearoyl-CoA desaturase-1, through centrally mediated mechanisms [22] . Moreover, it has been suggested that acylated ghrelin directly acts on adipocytes for stimulating adipogenesis in rodents [23] .
Ghrelin and adenosine 5'-monophosphate activated protein kinase. Adenosine 5'-monophosphate activated protein kinase (AMPK) energy homeostasis [24] , and it mediates some of the effects of adipocyte hormones including ghrelin, leptin, and adiponectin. Increasing evidence shows that AMPK plays a central role in the appetite modulating and metabolic effects of Ghrelin. Ghrelin increases appetite by AMPK phosphorylation stimulating production of orexigenic neuropeptide Y/agoutirelated protein by cells in the arcuate nucleus. Pharmacological administration of ghrelin induces a positive energy balance, increasing body weight. Recent studies increased understanding of the upstream regulation of neuropeptide Y/agouti-related protein signaling and the central control of adipocyte metabolism [25] . In addition, high levels of ghrelin have been found to suppress the amount of fat used by the adipose tissue. This implies that those with high levels of ghrelin in their bodies will not only feel hungrier than those with low level will, but may burn fat more slowly as well. Tschop et al. [26] have also shown that daily peripheral administration of ghrelin can stimulate adiposity in rats without influencing food intake. It is possible that the direct effects of ghrelin on adipose tissue are responsible for this increase in fat mass.
Plasma ghrelin levels rise during fasting and fall rapidly after a meal. Fasting circulating ghrelin concentrations are inversely correlated with body weight and fall following weight loss in humans. Calorie intake appears to be the primary regulator of plasma ghrelin levels, but the exact mechanisms mediating ghrelin release are unknown. Ghrelin antagonists may treat excessive food intake. Glucose and/or insulin have been reported to suppress ghrelin release [27] . However, another study has shown that physiological concentrations of glucose or insulin have little effect on plasma ghrelin levels [28] . There is evidence to support a role for ghrelin in enhancing insulin sensitivity and ghrelin has been reported to stimulate insulin secretion [29] . Growth hormone is an anabolic hormone, sparing protein stores at the expense of fat during conditions of caloric restriction. Ghrelin also inhibits production of anorectic proinflammatory cytokines [30] . Thus, ghrelin exhibits anti-catabolic actions through both growth hormonedependent and independent mechanisms.
Therapeutic uses Ageing
Ageing is associated with progressive decrease in GHS, appetite and energy intake [31] . Ghrelin may have therapeutic potential to assist in the recovery of frail patients who require both nutritional support and conventional rehabilitation [32] .
Sleep
Ghrelin itself has recently been reported to be a sleep-promoting factor in humans. Similarly to GHRH, repetitive i.v, ghrelin administration enhanced SWS, and slowed wave activity (SWA) and GH in young normal males [33] . In a recent study, sleep EEG and the nocturnal levels of ghrelin were examined simultaneously. A trend was found suggesting a lower time spent in stage I sleep in subjects with high nocturnal ghrelin levels [34] .
Cancers
Anorexia, frequently encountered in cancer patients, is a major cause of malnutrition and cachexia in this patient population. An acute, randomized, placebo-controlled, crossover clinical trial was performed to determine whether ghrelin could stimulate appetite in seven cancer patients with anorexia. A marked increase in energy intake was observed after ghrelin infusion in comparison with saline control individuals; all patients in the study exhibited increased food consumption. The meal appreciation score was also higher in ghrelin treated individuals [35] .
Gastrointestinal disorders
It also suppresses the pro-inflammatory mechanisms and augments anti-inflammatory mechanisms thus creating a possibility of its therapeutic use in various gastrointestinal inflammatory conditions including colitis, ischemia reperfusion injury and sepsis. In fact, animal models of colitis, ischemia re-perfusion, and sepsis related gut dysfunction have been shown to be benefit with therapeutic doses of ghrelin [36] .
Metabolic syndrome
Ghrelin level is decreased in patients with metabolic syndrome and patients with polycystic ovarian syndrome, in accordance with the negative correlation between ghrelin and body weight. In the cases of diabetes mellitus type 1 and type 2, the level of ghrelin is generally decreased and the response of ghrelin after meal consumption is attenuated or remains similar with normal people [37] [38] [39] .
Vaccine
Recently, scientists have developed an anti-obesity vaccine, which is directed against the hormone ghrelin. This prevents ghrelin from reaching the central nervous system, thus producing a desired reduction in weight gain [40] .
Cardiovascular disorders
Ghrelin has several cardiovascular effects, as indicated by the presence of its receptor in blood vessels and ventricles of the heart. Infusion of ghrelin decreases systemic vascular resistance and increases cardiac output in patients with heart failure. Furthermore, repeated administration of ghrelin improves cardiac structure and function, and attenuates the development of cardiac cachexia in rats with heart failure. These results suggest that ghrelin has therapeutic potential in the treatment of severe chronic heart failure [41] .
Chronic gastroduodenal ulcers
Experimental evidences have shown that treatment with ghrelin accelerates healing of chronic gastroduodenal ulcers and this effect is mediated by the release of endogenous GH and Insulin like growth factor-1 [42] .
Chronic constriction injury (CCI)
Ghrelin has been shown to have anti-nociceptive activity and anti-inflammatory properties by decreasing pro-inflammatory cytokines. The protective effect by ghrelin in the spinal cord is mediated through the suppression of TNF-alpha and IL-1beta. Thus, ghrelin may be a promising peptide in the management of neuropathic pain [43] .
Growth hormone deficiency
Ghrelin may be applied to the diagnosis and treatment of GH deficiency. Because of its potent GH-releasing activity and specificity, intravenous injection of Ghrelin into humans does not show any side effects, suggesting that ghrelin may be useful for diagnosing GH deficiency. Adult and child GH deficiency may be benefitted by ghrelin treatment. The GH-releasing activity of ghrelin is comparable to that of GHRH [44, 45] .
Conclusion
The discovery of ghrelin O-acyltransferase has opened new research opportunities that could lead to major understanding of ghrelin physiology. Many studies have attempted to elucidate the various activities of ghrelin. These studies may lend support to the development of novel clinical applications for ghrelin in the treatment of various disorders, particularly cachexia, anorexia, and ageing.
